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Abstract 



¥ k? LV !? : T ° P x roVide a terminal structure suitable for a vertical superjunction structure 
and to realize a high breakdown strength superjunction. ' 

!2 L fn,H?H iS^f; S . hape 5 ^ la u yerS 1 and n_type layers 2 consti ^«ng a vertical supenunction structure 
are formed alternately, and the number is set odd-numbered. Also the integrated values of the carrier 
density in the layer thickness direction of the p-type layers except the two p-type layers 1 arranged at the 
outermost sides and he n-type layers 2 are set so as to be substantially the same, and the integrated value 
of the carrier density .n the layer thickness direction of the two p-type layers 1 arranged at the outermost 

^^^nJTS ha ', f ^ °J th l° ther P"^ 6 layerS 1 and < he n ^ e lavers 2^eZ™e6ge 
lnS£ a P „H^ ape ? P ^ Pe lay , erS 1 and layers 2 is brou 9 ht int0 contact with a p-type layer 3 wrth high 
density, and th.s p-type layer 3 is surrounded by a p-type layer (reserve layer 4) of low concentration 
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U ftttfflRflt*^ -f«(OIo(Oplg 1 

< p^il i: n^I 2 Oif^lfiXD^rt !) rSfi^ffi 

©pHlfnSB2 0 JJaMttiMUEO pS® 3 <hS 




m^mLXMf$.zi\tcf52mf8.w*mftMt. «iess 

1 ««s¥«{t« Acnsnaai 2 c« lt 

wsvmtmRxmBSB 2 3HB9¥*ttBtt&£cii 9 
«L-cBB*ivc*J!>. i<oScfyn<ota 1 
jbxiime* 2 *ra¥*{UBt>ffw**ffle*-r y r 

«t«>8MNK#. toftBKBB&JifcimEJIIlfflia 
LTEE^ttfcfS l ttWMMfcjlJttflll 2 »Sffl¥i* 

#»t«r«i, -©is 1 mmm*m#i$R.vm 2 
mm t tijiBss 2 t test lt 

^mx- Ky y vnmzm-rtt \>tt7W&v&LKc. 

U JWE«2*«i!i|iW(*:JBW:*7««|-C^bL, * 
ogfl-gCcofB 1 *^!J|M»*SXttiIE* 2 

«c®wg)ic*-*iSi<o^iryrs«»«r»eA s , -torts 
teEg^fcuuESS i is«s¥«#ji&cfmeffi 2 

1 *«ffl*»ft«*K:Seur»j*$iifc* 1 

t . WEiSia&gsg 1 mm$L¥m&m®.Rxfift 

E»i»«S!*»(WBU:»L-c***ii«:JB2»«a* 

is**® t . BiiErn 1 aiiss^awwi&tflifiEis 2 ants 

left LTiBriJ $ ftfcitSffi&SS 2 ?4fB£!*=3|fcSS 

$ t . ttem 1 **ss¥B#s&tmES8 2 grog** 

* t . r coteJS&SS l *«S WttffteVttBmME 
* 2 *ra*ttttW*Ktt L-C*jft $ ft, BilieiliSS^ 

2 j: 9 ffis^wesg* 2 mmmm 

#<i«c * frfl wi&m l *«3!¥*tt:JBRtnilJE$S 2 
^[®®! i l i ^®l4^SleiS*)igbTie@$nXte9. * 
rogfl-SBofS 1 *«£¥i*fHlxrttteg 2 
«:I01)I*^0*+ !) rSg<oa»»i. tOrtSB 

leiaM^Hfcwiam 1 ««&!NifMi&tfme« 2 *« 
&¥*ttii0ji***M<!>** y TSij©i»iow 



m#aRtm2mnmw-m#mt. engross 1 

**fMJWll 2 *ttS¥*ttJB«rm 9 fflA^-C^Rg * ft 

fcfssga 1 m®M*m<*m® t, r ©ess® 1 «m 

LT»l**ft, Me»S«fR2«t^!¥«flc««J:9fi 
2 BWfiiMHWHBi IQBffl 
*«S!¥8M«BXt«S 2 Btt9¥«ftJa«!>lt 9 £ LEE 
WEi6i«a*l«ffl;S¥»ft««ttWEB5i8« 
$ 2 9M¥i<^« 4 £*S£#[6]ie*r LTW&fgS-C 

y 7 KS8fESr«E1-t ttlc*7^{6T2gftL, fitlESS 

2*flH(i|£»(«Btt*7tt«-effiafl;L, 

$ l W«&¥*{MX»mBlB 2 ««a¥*«M0JI* 

fcttEJR 1 *ttS¥*ttJB&tffltiE& 2B«i!¥i9«:® 
[»*fi5l MMltt«S¥*ttfU*fc, c©iei 

£«$ i *«a*»«:«*Ki«Lr}ejasiifcjB 1 

ffl*»#Jifc. ffiEKSftjBi«flra!i<Mlft««&tfl)tl 

e* i ^ms^^icft Lx^^^ixfc^ 2 

*#Jit, tteiBl«^¥Bft:a&tmEJB2«tra! 
¥*^fc»LTJ^*ftfcK«^2*«§!JMHWi 

*t , we* i $ra¥«#fl&tfiNrejf$ 2 ^ms^ii. 

*)■«:* 9 HA/-C»«Snfcffi«ftJB 1 
«fc, effl««litl¥i*!W(lcgttIjfi^ 
WEK»flC»2W^JN»*«*Sr»9HtrJ:5t 

aKfw*»e>«iBu-cR» fejtfc y v^«ofg2*«a 

t DttEJR 1 »«a*3W*:»RWitl 

ESS 2BSM¥B#®tt£Hfc» 9 £ L-CEgSft-Os 

9 , **>*tmo>m i *«ffl**«wxi±irE» 2 mm, 
2mmt*mttia<Dmi&f-iifam** y r 

IS2B«l!^B«c««i:. e.ti€>©S8ftlSlBfllS!* 

ftSISiBttli^Bft^i:, r.<D«SglSi^mS¥ 
»«««t«UT}Rias*t. «FEfc»«82i*«£¥!9 
<*:««Sr*9HtfJ:5K:aSi®«^5>airaL-CKtt6H- 
fc y y^of 2 B«S/*»^««« i Mi WEIS 

i mw&tmitaRxm 2 Bas^B^son 9 s le 
g*(Sjii, WEiSffl^isi^ms^^actftfifa^s 

SIS 2 »«S¥Bfl««2: «:*S^*[6]lc:M LTttSSSiS 
•C*)5ti:fclc, «1E»lW*S!¥W#:Jitt*^ttlB-C 
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7 J 6fjf2& 1 *ra¥*ttA&ttffiE!f! 2 « 

•5 w t «r«MS t 1 75S 6 GtteKKJE¥W* 

Si*. 

US#Jf8] «tejfll*ra¥*fflB&tJ'ffieSB2« 
1 755 7 EftOffiME*****-?. 

#!i-c22<k u znmizmmm&fti 1 
Mr** 10] nine y >-^*t<om 2 

828 2 8J«S!¥*ft:««ctev>-C2gSlbK: J: 9 3rf 5££ 

^•rz fco-cfos - i sr^mt-r5s»*Ji 1 nm 9 12® 

[JM0MlftR9U 
[000 1] 

[0 0 0 21 

[0 0 0 3] w<D^-^-i?^.V^fay«ig»4, ^ 
sf-_ K-^MO S F E T^W^-iMlttiiH-fclfflV'^ft 

[0 0 0 4] 09x.tt\ ftBB¥7-7 1 5 4\Z)o^X*Z 
fa ^«5filJHf a-f6»»«««r»*-*-* £ fc 



[0 0 0 5] 

[»W*»*UJ:5ti-5WHl *»M#6I±. 

Jftlcdswc, *»Efl:*»T+»-C*>9, rftte*!)*?- 
[0 0 0 6] *36Wtt, a^SSSttffcfc^-tftSiifcfc 

[0 0 0 7] 

fcftfc. JlflWI&MMtffttJ:. i 

©m 1 *ma*wfWMfiK:»uT»*s4ifciB 1 «ms 

¥9M«i t , MrEg l ««St¥«flc««A W¥1E» l * 
LTJBfiRSilfclll 2 ifm®¥¥«s:S 

fc. WE»i^ma¥^®xo : S9iaiB2®ms^^ 

MB* l *0£¥«tt:JB&tfl!MB$ 2 *«S¥ttttlll* 

« i *mg¥*{fflxtwms!a 2 ^ma^fHBoJiJic 

[0008]*fc, *»W©»2tt. Ml^SM^tt: 
t* 2 W«S¥Wfl««fc oWK:»5*nT» 

juttW2Wia¥ttttii r^mi^ms* 
mejii i & mens 2 *»¥«fm« 

1 mmm^m^mtt^^mx v y 7 hmsssrffi-r 1 1 

»ttia« 2 «®M^ft:Jio5®j?**isjo*-v y TSS 
[0009] it, *&w<d®3\^ ftm&mimmm 

T»riES*ifc« 1 85l2i8i»«SB l m 

*Sli*:!B2*«S!JNJ«:JBfc. (HE»l»«S!*»ff 
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m 2 t . m&m 1 «ias^«*® s 

ass i wns***** t . r ©<sga& i «iaa¥« 

e&as 2 was***** t «r« mass i mmm 
*mtm*xHUBm 2 h&ekii ossl 

-csaE^nr^tj. 1 mna+mttmx 

\mm2mnMm#J3om**>to<o** y T&a 

r a ^ t *ws i: 1"* MB 

tooio] *fc, *$gw©sj54ii. jessamins 
©asas 1 t xaas 2 *«a** 

r^©mgSS¥g#l&l/mgtaS¥i£# 

t . r ©esas 1 *«£¥*(miratf«mxftft* 

2*«S»N»iMI*K:*Ur»***u ffiEK*«JR2 

•Mfvnwj: 9 e«a<oiS)8as 2 

MemsttS^ra&otmauBs 
9X-LEH*i*att, fiiaiissam 1 

*fofc#LT*W»rea!>a title. MBmWftS! 

tt*t?2SSfl:U. WE»2*«|i|ii»«:Jitt*7tttt-C 
3S£fl5U ^og^SBO^ 1 ttfffiWfNlXrtMEJB 

8inem**S¥£fl«©JiJ¥*#fa©*+ y rga© 
[ooiiitt #&?i!©s&5i*. K*«m*«9 

*S*bfc»2*«SJW«flfc, flEHSl 

am 2 *«s¥*tt«tt£ . msss 1 

CFffiGJIS 2 ►> IS A/"C»*S ftfcffifi 

as 1 *«s*«{*w* t . c ©(6sa» 1 ^mi!*^ 
mm® 9 Htf <fc ? icaMMu*&Mn l-ckij b^fc 

!Jv^tto»2«^*»(WWWt«:fllit. Mem 



(MUXr±ttE»2»«ffli|i»(«BoJBJ?**lfilo*+ y 

7&&<Dm$mtK *©rtssu:Es$iifc«iEm «® 
y raawsi^fflottis^-cfca r t * 

[0 0 12] J^lC^fc, #3§W©$&6tt, MMEffl 

r jie>©»»** 1 wsa^Nrfnu t issam « 

9 s l-cebs 1 mfm*mm&.v% 2 

riie>©m»«s#3fWBRt«B2i»* 

^N»fMKWB t *r<Bx.. SUES l *«S¥*ttlUUJ'Jf! 

2*«ffl*i«WB©i*03BLBB#iair*, ssEiiisas 

1 *«S¥ttfWK i eSlEEiSaS 2 *«a^«#«« 
i:tlS-»*|fiHc»LT«»a»Ty*)*ti'blc» SUES 
1 »«l!¥«ft:®tt*>^ffi-C K y 7 h«««r«Ei-t t 

Htl)WE»2i»«S*»frJB0JBff**lftl0*^ »T«« 

©a^ffi* 5 , ^©rt^icBag^jxfcfiismi^©^^ 
»ji»t«t[EJB2*«a!i|iWfWB«>jBff**isi©*-»' y 

[0 0 13] ±ilLfc*:36W©S3, 4(CloV>Tfi. BU 

s««ttmefR i «ms#it*gs.u ! HiiiES 2 ^ms!^ 

[0 0 14] *fc. ±ffitfc*:^^©S5, 6IC*5^T 

k, May is?vt(of&2mm2.¥m#&*iim\z®-r5i& 

»*m*ra***««l±*7«l8T»22fkU 
[0 0 15] *fc, ±ftLfc=&3§93(c:*5^-c, MESl 

fifrtas i mmm^mftmRVttmfti 2 

[0 0 16] 

(» 1 ommmffi) m 1 11, *$89!©sg 1 ©^ts^iiic 
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[0 0 17] Bl, H2^snaK»E*»»* J f-tt 

^irV^S/aVfllJttt, * l^^ftOp&JI 1 ^nl 
■ 2#SEEK:»9'iSLTRltfe*n:*9, 

(o P s@iinii2 o#&RjfittA&£o p §!/g 3 <D 

h 7 ^R<D p^I 1 t nHl2i ttH»£<D p SUB 3 
[0 0 18] ^ ©MfflO p iff 1 t 

yr»«<&a^ttte-j£tfco-t^S. ^irtli-M 
{R'JO* h^-l'^i^plil t Lfctf, n^2T? 

[0 0 19] -R^OpgRieRR&tJW 
^£l x l 0 16 cm" 3 , 3. ^145X10" 
cm -3 , 7. -M«t^^Wl:£ 
t^ftitpSi 1 fcn3W2©ME»t«**:, **v£ 
ftl X 1 O^cm -3 , 7. O/imfcl-S^^^prtB-C* 

^f^o UfcdSoT v «*.tf««£E4 000VS:Hiap 
+$*#T"CW:, OFFttffilOS^TiK*-/*-^ 

Ui«iBffi«ftt«r^1-J: 0 left 5 0 
[0 0 2 0] * h7^^<0p^l tnMg2t&-f 
SBS«*>pS!g3iS, ffiS^Op^4 » 
glllX10 13 cm- 3 o WEi-«3»|BBIit>n«. ) -C 

S«#Sr-rS. pii3^(j:6. 0 v m x 

i6SH2X10 l7 cm- 3 ^^ *fc, pii4« 
(15. Sffii3X10 15 cm" 3 -Cfc5, 
[0 0 2 1] a^SfcttOTTMi," plfi4tni^- 

t#»Tf6-CS>S. «^LtfiS!«ffi4 0 00VSrHJaDl-S* 



9l-ft6o 

[0 0 2 2] **5, HI, B2K£V"C. 6lli§fig(D 
htoXH>&Zm&WSL* v ^»»lc*-eaiaM-8 r t Sr 

[oo2 3] a±5fi^fc*afcj:fi«ao^--/<-y^ 

6 0 £fcs OFF:R»fc;^T;*w<— t/ 3 v 

[0024] 03(1 eh \z7F-t*nm&mc&%im 

*L*J:5lc**i(6«tt^«5J^o^*-K«:4 4 0 
ovsao»ffi*»oTv^rt*s*>d»S 0 ^ 

S^^-KO^^fifitttO. 0 3Qcm 2 t$)!3^ 
[00 2 5] (S2 0»i) H4I1, *M^S2 

-efcS* B5li, H4 0jfiijKS(BB ' &mztomz&ftz 
wmmthz. ^oKiBiB"cr±H4o*-wiHt«>*»«) 

*«r^l>TV^ 0 fcfe, 111 tl^-&#iett|!g-ft^£ 

[0 0 2 6] *^ll^tt<onREE4^»»^blBa!iO^ 
>f*-Kfc:«5fcGn?&a 0 ©4, H 5 3 ic* 

**MW«©l(fflo^*- KjMB l ojt**tBoy-r 
^HtJlttSjftttU ^h7>f^pi@Un§!i 
2tg^6^S&^pM/l3£iatr{&g£Op^ (9 
U— 7g) 4®ffcfc>Dfc, tft^MR^KMOp 
Sfi W-K!I^W 1 2#Rttfe*tTV*3jft-0* 
5 0 TOpii Mf-HPV^R) 12llpii3(D 
JBfflSr»9Htfi5fcRJt6>nT*3 9, :^)piil2 

Pii3^lt6. Ojim, S&H2X10 I7 c 
nT 3 -?&9. Sfc* pff 12«$I16. 0 Mm. d 
1110. 0/zrn, $S(l5X10 l8 cm" 3 , p&R3^ 
bOEBttlO. Ojim, dsSv^miHtti 0. 0-4 
0. 0/zm*T?&6 o 

[0 0 2 7] ^5fttt©TTtt, _LK*-'«— ^ir^ 

* v- a vRSHcte^TSI i <DHt6*» t P«fc£±aa 

{WS**$ixSttt>^ pill 2 t nS^@5 
tOp nft^btt^^Ittl^-^-^t^^ 

*5lt5i8iE*r+»lc*«-rirt^te-C*>S 0 
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JSflBE4 00 0VSrBWlDi-**« : T-eB:. OFF«fii: 

±SSft LB 3 t B«4»BflE»ttS:*i-r t 
fc„ ***^-f*-KOa|-V|Stltr40. 0 3Qc 

m 2 -Chr>s #*fcfiv^>«tt«r«Lfe. 
[0 0 2 8] (&3 0jltt#18) H6tt, *«^^I3 

[0 0 2 9JB6 j: 5 *mmmm<Dft®fc* 

(toiMOSFET) "Cfc^o nl/g 
fc*tic$ivt*5 0. rtb&OnSK^^Sl 5fc pi 

-<-*/g 1 3 ttomztm i ojas*i8i:ia«o^^ 

^■r^^3« (pSWl fcnSJB2) tfttttb 
[0 0 3 0] pS^il 3<0«BJCW:a«»lCnS! 
(pSJilt nSS2) , nSy-7il 4, RXfpM 

-hatil 7 1**-^— ^^v' a >ffi& (pill 
<hnii2) ©as»*-Cjg«£L-C^-5 0 ^tt(Cj:0, 3b 
5>* V? :Xa v«5S^«^S:aAi-5 - 

[0 0 3 1] *%fl0&tt£ttSMO S *^ 
1M:5teft6. 4fcs OFF#4Blc*3V*t\ p3«4fc 

zttf-zimthZo ^mmmmx^. nti&mmt lt y 

7S (pSJ|4) «*Lfctf* B4, H5Wtft 

*>. #-Ky y«t?feotfc, *>«stttiMficffii^ 

[0 0 3 21 (JMoXIBMtt H7tt, W^O$4 
«B"?*>*. H6tRI-«B»fctt[H-«F#SrWLT*L 
[0 0 3 3] B7fc*1\fc5l:\ #*iS^I§<E>K»EE¥ 
(i^lliMOSFET) -C$)5o pi^-^2 3M 



5 fc©RHctt:» 1 ^Wl§^^^-/^v?t 
S'aVfflig (p!SUnIl2) 6*1/0 
[0 0 3 4] pS^-*S2 3(0«ffilCttS#WfcnS! 
y-X® 2 4jWBiSS*1* Ztlb<Dn$)y-XJ$2 4& 
l/pS^r7g2 3££iiLT h uyf2 8#&tt<b*l 

-0*$ 0 :o h uyf 2 8 ^1 

it (pSJBl£nS!JB2) *«»«t?>ttfcnSH5lcaa 
&2 7*$Klte>tl-CV>«. 

[oo3 5i *s6»»«ii:ffi5Mos«3as:*r-raiR^ 

*^»^««B»K:i3V^-ct>^±3aS{fcLKjHEWt«:* 
i-J:5^4« Q £fc> OFF*t«lc*5^r, pMJg4£ 
n§!/l5£cDp n«^*»6f*t/*ffi&JBtt±E^-^- 
v?* is b >m&\z&^XBf£ £ tt^ffi^H £ £££ 

rtASiTfBTfcS. **16««-Ctt. »««5gi:LTy 
(p®/g4) £^Lfc#, B4, BSlC^Lfc 
tf-KSV^JB (pi@12) *flVvCbft«E*ft* 

[0 0 3 6] 4*5, **Wtt±E3ll6»ffilcR3t*tt6 

#*^#LT*«WSraffl-r*^i:t>priB"C*>6. 4 
fc, l^S" 3 :/«3glc*3tt*pSWl £n 

S»2 4*Aix»i"CSa«L-Ct>fi<. roS^fcfcO 
FF«tt«C*5V^T^-^-i;v^^^3 

icft« 0 ^<d^ *«wojis*juaL4v^«ire«* 

[0 0 3 7] 

[B 1 1 *%W(D%, 1 ^^tfiJgfi8tc«5^-/<-^^r 
ffiBo 

[B2] B1©«8aa' lcftofcffi(c^ttS»fB 
Bo 

[b 3 1 b 1 {zf^-rmmv^ Ko«*L«««tt«r 

*1-«HtB. 

IB 4 ] 2 <o nmwm\z%z> 

®Bo 

[B 5] i4«JSBB ' tcffiofeffi(c*5it5»rffi 
Bo 
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6-S5fiS©nS[^ hs"<-B 
[Ell 




7-JMM 

io-sa«onsa 
1 1 »*y- Kf&ffi 

l 2 ■••*«*«> pfflH (#-K!>v*TB) 
1 3, 2 3~pM'<-7.ffi 
1 4. 

1 5-nih>-fy§ 

1 6, 2 6-4 , -hfettR 

1 7, 2 7 MM 

2 s-Vwf- 
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